In type 1 diabetes, the risk of nephropathy is strongly influenced by the level of blood pressure (BP). Ambulatory BP (ABP) monitoring has revealed an association between disturbed nocturnal BP drop and albuminuria and suggested a role of BP in microalbuminuria development. This study investigated the relationship between the urinary albumin excretion ratio (AER) and home BP (HBP) compared with ABP and clinical BP (CBP) measurements. A total of 50 adolescents and young adults with type 1 diabetes without hypertension or overt proteinuria (mean age 20±3.8 (s.d.) years, 21 male) had measurements of CBP (3 visits), HBP (6 days), 24-h ABP and AER (daytime and nighttime in the same 24 h with ABP monitoring). AER of 24 h was correlated with systolic 24-h (r¼0.31), daytime (r¼0.33) and nighttime ABP (r¼0.36), without significant correlation with diastolic ABP, CBP or HBP (systolic or diastolic). Nighttime AER was correlated with 24-h (r¼0.39/0.35, systolic/diastolic), daytime (r¼0.36/0.32) and nighttime ABP (r¼0.44/0.28). HBP was not associated with nighttime AER, but CBP was (diastolic BP only, r¼0.41). No significant correlations were found between daytime AER and BP measurements. The nocturnal BP dip was not associated with any BP value. In non-dippers, nighttime AER showed strong correlations with ABP (24-h: r¼0.45/0.42, systolic/diastolic; daytime: r¼0.46/0.45; nighttime: r¼0.49/0.35), HBP (r¼0.34/0.31) and CBP (r¼0.39/0.47). No such associations were found in dippers (r¼0.05-0.10). These preliminary data suggest that in the early stage of diabetes-1, 24-h ABP monitoring seems to be the optimal method of revealing the association between BP and albuminuria, and cannot be replaced by HBP monitoring.
INTRODUCTION
In type 1 diabetes, microalbuminuria is regarded as the earliest manifestation of nephropathy and as a marker of increased cardiovascular morbidity. 1, 2 If left untreated, about 80% of individuals with type 1 diabetes and sustained microalbuminuria will develop overt proteinuria. [1] [2] [3] Hypertension is probably the strongest modifiable risk factor for developing diabetic nephropathy. [1] [2] [3] Moreover, the risk of progression to overt nephropathy is strongly influenced by the level of blood pressure (BP), perhaps more than by the degree of glycemic control. [1] [2] [3] The measurement of BP in the office or clinic is traditionally used for the assessment of hypertension status in diabetic patients. 1, 2 In type 1 diabetes, clinical BP (CBP) is usually normal, even after the development of microalbuminuria. 4 However, CBP is poorly reproducible and subject to the white coat, the masked and the placebo effect, and to observer bias when the auscultatory technique is used. 5 On the other hand, 24-h ambulatory BP (ABP) is more reproducible than are office measurements; it is devoid of the white coat, the masked and the placebo effect, and is more closely associated with target organ damage and cardiovascular disease. 5 ABP monitoring in type 1 diabetes revealed an association of disturbed nocturnal BP drop with microalbuminuria and suggested a role of elevated BP in microalbuminuria development. 4 Self-monitoring of BP by patients at home is being increasingly used as an alternative to ambulatory monitoring for out-of-office BP assessment, and recent guidelines recommend the wide application of this technique in clinical practice. 6 Home BP (HBP) monitoring shares most of the advantages of ambulatory monitoring and, in addition, has been shown to improve long-term compliance with treatment. 6 This study was designed to investigate the relationship between albuminuria and HBP compared with ABP and CBP in individuals with type 1 diabetes.
METHODS Participants
Adolescents and young adults with a diagnosis of type 1 diabetes at least 4 years before study entry were recruited in a prospective study involving measurements of BP (CBP, HBP and ABP) and urinary protein. Exclusion criteria were history of hypertension, treatment with antihypertensive drugs or other agents that might influence BP, overt proteinuria, any serious chronic disease (cardiac, respiratory or kidney failure, malignancy and so on), fever or urinary tract infection. The study protocol was approved by the hospital scientific committee and signed informed consent was obtained from all participants, and from their parents in the case of adolescents.
Measurements
Home BP was measured on 6 working days within 2 weeks, using validated fully automated electronic (oscillometric) devices, Omron HEM-705CP (stores and prints the last 12 readings) or Omron IC (stores 24 measurements, which can be downloaded to a PC) (Omron Healthcare GmbH, Hamburg, Germany; bladder size 12Â23 cm or 14Â28 cm where appropriate). 7 Participants were trained on the conditions for HBP monitoring and in the use of the devices and were instructed to take duplicate morning (0600-1000 h) and evening (1800-2200 h) measurements after a 5 min seated rest, with 1 min between measurements. In addition to the device's memory storage and printout, a form was supplied to the participants to report all their HBP readings. For the evaluation of HBP, normalcy values reported by the Arsakeion study 8 were used for adolescents and the European Society of Hypertension (ESH) thresholds for adults. 6 Ambulatory BP was measured the day before or after the HBP-monitoring session in random order according to the participants' preference and device availability. Validated oscillometric devices, SpaceLabs 90207 or 90217, were used (SpaceLabs Inc., Redmond, WA, USA, bladder size 12Â23 cm or 9Â16 cm where appropriate). 7 The recorders were programed to measure BP at 20 min intervals for 24 h and were always applied on a routine workday. The individuals were instructed to follow their usual daily activities but to remain still with the forearm extended during each BP reading and to provide a brief diary specifying the times at which they went to bed and arose. For the evaluation of ABP, normalcy values by Wühl et al. 9 were used for adolescents and the ESH thresholds for adults. 5 Nocturnal dipping was defined as a BP drop 410% compared with awake values for systolic and/or diastolic BP. 5 Before each home or ABP-monitoring session, the accuracy of the devices was tested against a standard mercury sphygmomanometer by manual activation (Y-shaped connector; three successive readings).
Clinic BP was measured on three visits within 3 weeks when participants came to receive or bring back the devices for home or ABP monitoring. Measurements were performed by three physicians who fulfilled the British Hypertension Society protocol criteria for observer agreement in BP measurement. 10 Triplicate BP measurements were taken at each visit after a 5 min seated rest, with 1 min between recordings, using a standard mercury sphygmomanometer (cuff with bladder size 9Â18 cm, 12Â23 cm or 15Â35 cm, according to arm circumference). For the evaluation of CBP, the 4th Report of the US Task Force on Diagnosis, Evaluation and Treatment of High Blood Pressure in Children and Adolescents 11 was used for adolescents (hypertension: CBP X95th percentile for sex, age and height; prehypertension: BP X90th percentile but o95th percentile or X120/80 mm Hg). For adults, ESH classification was used. 12 Urine protein was assessed through a 24-h sample collected in the same 24-h period with ABP monitoring. Urine collection was performed separately during daytime and nighttime (awake and asleep period of each individual), and the participants reported the exact time that each collection started and ended. Albumin concentration was measured using an immunonephelometric method (Dade Behring BN II nephelometer, Eschborn, Germany) and the albumin excretion ratio (AER) was calculated as mg min À1 for the entire 24-h period and separately for daytime and nighttime. AER o7.5 mg min À1 was defined as normal, 7.5-20 mg min À1 as high-normal 2,13,14 and 20-200 mg min À1 as microalbuminuria. 1, 3 Although albumin concentration measured on the same 24-h period with ABP monitoring was used for the purpose of this analysis, two additional urine collections were available within the 3 months before or after BP assessment. Thus, patients included in the study subgroup of microalbuminuria were those who had AER 20-200 mg min À1 on at least 2 of 3 urine collections.
Analysis
Ambulatory BP recordings with less than 30 valid awake BP measurements and/or less than 12 asleep measurements were excluded. BP measurements flagged by the software of the monitors as technically erroneous were excluded, as were measurements with systolic BP o60 or 4260 mm Hg or with diastolic BP o40 or 4150 mm Hg. Early readings taken less than 20 min after the monitor was attached to the patient were also excluded, as these were taken in a clinic environment. Average daytime and nighttime ABP levels were calculated according to each individual's reported sleeping hours. Participants who provided less than 12 valid HBP readings or readings taken on less than 4 days were excluded. HBP readings were edited as described above for ABP. All available HBP readings were averaged to obtain the mean value per individual (systolic/diastolic). Morning and evening HBP was also calculated per individual by averaging all the respective measurements, 15 and the s.d. of all measurements was also calculated as an index of day-to-day HBP variability. 16 CBP measurements of all three study visits were also averaged to give a single number per individual (systolic/diastolic).
Student's paired t-tests were used for the comparison of CBP, HBP and ABP measurements with Bonferroni's correction for multiple comparisons applied where appropriate. Pearson's correlations were used to investigate the association among home, ambulatory and CBP, and of all BP values with AER. AER values were not normally distributed and were therefore log transformed. Statistical analysis was performed using Minitab statistical software (release 13.31; Minitab Inc., State College, PA, USA). A probability value Po0.05 was considered to be statistically significant.
RESULTS
A total of 59 adolescents and young adults were recruited. Eight individuals were excluded because of inadequate data and one because of proteinuria. Data from 50 participants were analyzed. The mean age of all participants was 20 ± 3.8 (s.d.) years, 21 (42%) were male (11 adolescents aged 12-17 years (22%), 4 males; 22 young adults aged 18-21 years (44%), 9 males; 17 adults aged 22-28 years (34%), 8 males). The mean body mass index was 23 ± 2.9 kg m À2 , the duration of diabetes was 11.9±3.8 years and HbA1c was 8.4±1.8%.
Hypertension status
On the basis of CBP measurements, none of the adolescents was hypertensive and five were classified as prehypertensives. Two adolescents had elevated ABP and all had low HBP. Seven adults had CBP in the range of stage 1 hypertension, of whom three had low ABP and the remaining four had low HBP.
Measurements
The average number of valid HBP readings obtained per participant was 22.6 ± 1.8 (range [16] [17] [18] [19] [20] [21] [22] [23] [24] ). An average of 80.8 ± 5.6 readings were obtained during 24-h ABP monitoring. A fraction of 15.8±7.7% of readings were discarded and 2.5 ± 3.3% of time points were not represented in the ABP profile because both the initial and the automatically repeated reading 2 min later were considered erroneous. The mean difference between parallel test measurements using a mercury column against home monitors was 3.9 ± 4.6/ 3.0 ± 5.1 mm Hg for systolic/diastolic BP. The average CBP, ABP and HBP measurements are presented in Table 1 . HBP was lower than CBP and 24-h or daytime ABP (for diastolic BP, significant difference was observed only for daytime BP). CBP was also lower than 24-h or daytime ABP (for diastolic BP, significant difference was observed only for daytime BP). Nighttime BP was lower than all 24-h, daytime ABP, CBP and HBP (not significant for systolic HBP). Fourteen participants were non-dippers (11 only in systolic BP and 3 in systolic and diastolic BP). Non-dippers did not differ from dippers in CBP, HBP, 24-h or daytime BP, but only in systolic nighttime BP (higher in non-dippers, Po0.05).
Forty-one participants (82%) had 24-h AER o20 mg min À1 , and from the remaining nine with 420 mg min À1 (microalbuminuria), in only six was this confirmed in a second assessment before or after the study (data obtained from patients' hospital records). Thus, 44 participants were classified as normalbuminuric, with 26 having normal AER (o7.5 mg min À1 ) and 18 having high-normal (47.5-20 mg min À1 ). In the normal AER subgroup, there were 11 men (42%) and in the high-normal subgroup there were nine (50%). There was no difference in age, diabetes duration and HBA1c between the normal and the high-normal AER subgroups. There was a consistent trend for clinical, home and ambulatory systolic BP to be higher in participants with high-normal compared with those with normal AER (statistically significant only for nighttime BP, mean difference 6.4 mm Hg, Po0.05). These findings were similar when adolescents and young adults were analyzed separately; yet neither nighttime BP reached statistical significance because of small sample sizes.
Blood pressure: albuminuria association Twenty-four hour AER was strongly correlated with systolic 24-h ambulatory (r¼0.31, P¼0.04), daytime (r¼0.33, P¼0.03) and nighttime ABP (r¼0.36, P¼0.01), but there was no significant correlation with ambulatory diastolic BP (24-h r¼0.16, daytime r¼0.19, nighttime r¼0.13, all P¼NS), or with clinical (r¼0.24/0.24, systolic/ diastolic, both P¼NS) and HBP (r¼0.07/À0.18, both P¼NS). The relationship of AER average with HBP was not improved when morning and evening HBP measurements were analyzed separately or when the s.d. of mean HBP had been used as an index of day-today HBP variability (all correlations not significant). Nighttime AER was strongly correlated with 24-h ambulatory (r¼0.39/0.35 for systolic/diastolic, P¼0.01/0.02), daytime (r¼0.36/0.32, P¼0.02/0.03) and nighttime ABP (r¼0.44/0.28, P¼0.003/0.07). HBP was not associated with nighttime AER (r¼0.19/0.08, systolic/diastolic, both P¼NS), but CBP was for diastolic BP only (r¼0.41, P¼0.006). No significant correlations were found between daytime AER and CBP, HBP or ABP. Furthermore, the nocturnal BP dip was not associated with any of the BP measurement methods.
In non-dippers, nighttime AER showed strong correlations with systolic and diastolic ABP (24-h: r¼0.45/0.42, systolic/diastolic; daytime: r¼0.46/0.45; nighttime: r¼0.49/0.35), with HBP (r¼0.34/0.31) and also with CBP (r¼0.39/0.47). Owing to the small sample size (n¼14), none of these correlations reached statistical significance, yet no such associations were found in dippers (n¼36, r values 0.05-0.10).
DISCUSSION
This study compared different office and out-of-office BP measurement methods in terms of their relationship with albuminuria in type-1 diabetes without hypertension or proteinuria. The main finding is that ABP monitoring seemed to be superior to CBP and also to HBP measurements by providing the strongest relationship with albuminuria.
Regarding the comparison of BP levels obtained by different measurement methods, this study in normotensive adolescents and young adults showed (a) little difference between office and HBP measurements and (b) daytime ABP being significantly higher than home (by 12.7/7.2 mm Hg; Po0.001) or clinical measurements (by 9.2/4.9 mm Hg; Po0.001) ( Table 1 ). These findings are in line with a previous study in 778 healthy children and adolescents, which showed little difference between office and HBP measurements. 17 Furthermore, this study confirms previous reports suggesting that, in contrast to adults in whom HBP levels are similar to those of daytime ABP, 6 in children and adolescents [18] [19] [20] [21] and in young adults, 22 daytime BP seems to be significantly higher than that in office and home measurements, probably because of the high level of physical activity during the day in the young population.
The superiority of ABP monitoring compared with conventional clinical measurements in predicting albuminuria is well established. 5, 12 HBP monitoring has several similarities with ambulatory monitoring, mainly because both methods provide multiple measurements in the usual environment of individual patients. 6 Studies in nondiabetic hypertensives have shown HBP monitoring to be as good as ambulatory monitoring in predicting albuminuria and left ventricular hypertrophy. [23] [24] [25] [26] To our knowledge, no published study provided a direct comparison of home with ABP in terms of their association with albuminuria in type 1 diabetes. It is clear that the development of albuminuria and its relationship with the rise in BP is fundamentally different in type 1 diabetes compared with type 2. 4 A study in 53 type 1 diabetics showed that nephropathy is more common in individuals with elevated home than CBP. 27 A study in 50 type 2 diabetics showed HBP to be more predictive of microalbuminuria and proteinuria than CBP, 28 and another one in elderly type 2 diabetics showed that HBP is as good as ABP in predicting the progression of albuminuria. 29 However, when both methods were entered in the same model, HBP lost its significance and nighttime ABP was the only independent predictor of worsening albuminuria. 29 Previous studies in diabetics 30, 31 and nondiabetics 22 have shown that nighttime ABP gives the strongest correlations with albuminuria. This was not confirmed in this study, yet the findings do support the view that ABP is superior to clinical and also to home measurements in predicting albuminuria in type 1 diabetes. Although the crosssectional design is not an appropriate approach to investigate the true association between albuminuria and BP, the fact that measurements of 24-h ABP and albuminuria were performed simultaneously is one of the strengths of this study. Furthermore, it should be mentioned that this study examined the relationship between BP and albuminuria at an early stage of the natural history of BP elevation and renal involvement of type 1 diabetes. It might be argued that at a later stage, with elevated BP and more advanced renal injury, the ability of HBP in predicting albuminuria might improve. The fact that the association of ABP with albuminuria was entirely attributed to nighttime albuminuria, whereas daytime albuminuria did not yield significant associations, is not a surprise. Interestingly, in non-dippers, but not in dippers, strong correlations were found between nighttime albuminuria and both systolic and diastolic BP, irrespective of the method used for its assessment (ambulatory, home or clinical). These data suggest that when the normal diurnal BP variation has been disrupted (non-dipping pattern), there is a decisive pathophysiological relationship between BP and albuminuria. Nevertheless, this study cannot verify whether a causative relationship exists between the non-dipping pattern and albuminuria. A previous study in 75 adolescents and young adults with type 1 diabetes and normal urinary albumin excretion and BP, followed up for more than 5 years, showed that increased systolic nighttime BP precedes the development of microalbuminuria. 4 More research is needed on whether antihypertensive therapy specifically targeting nighttime BP might offer additional renal and cardiovascular protection in non-dippers. 32, 33 Owing to the small sample size included in the study, these findings should be considered as preliminary. Moreover, the superiority of ABP in predicting albuminuria in this study might be attributed to the larger number of readings averaged. It might be argued that HBP might be as good as ABP if the same number of readings has been obtained by each method.
In conclusion, these data suggest that in the early stage of type 1 diabetes, 24-h ABP monitoring seems to be the optimal method to reveal the association between BP and albuminuria, and cannot be replaced by HBP monitoring. More studies are needed to confirm these findings and to investigate the role of HBP monitoring in more advanced stages of type 1 diabetes, for example, with hypertension or proteinuria.
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